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Since the mechanistic analysis of the National Cooperative
Dialysis Study data [1], measurement of the KtIV urea has
increasingly been recognized as a valuable adjunct in the care of
chronic hemodialysis patients. Formal urea kinetic modeling
(UKM) has been criticized, however, as being too difficult and
unnecessaiy [2]. Easier to perform estimations of Kt/V which
incorporate the urea reduction ratio (URR) have come into
widespread use [2—5]. Use of the URR itself has also been
recommended as an acceptable means of quantifying delivered
dialysis [6], a suggestion that has been endorsed by a U.S.
governmental agency [7] and a national organization of nephrolo-
gists [8]. Theoretical considerations suggest that the actual KtIV
for any given URR may vary over a considerable range [9, 10]. We
sought to determine the extent of this range in Kt/V (as deter-
mined by formal UKM) for differing URR values in a large
multicenter, prospective study.
Methods
From March through June 1992, a dialysis prescription study
was undertaken by the Trans-Atlantic Renal Council in the
dialysis programs it oversees. A 10% sample of chronic hemodi-
alysis patients was randomly selected (using computer generated
random numbers and social security numbers) to undergo formal
two point UKM for up to three consecutive months. Two full day
training sessions were utilized to train two or three nurses from
each unit on data collection and, specifically, post-dialysis blood
sampling techniques. Post-dialysis blood samples for urea nitro-
gen were obtained within ten minutes of the conclusion of the
treatment and return of the patient's blood. Attention was paid in
training to assure that post-dialysis samples were neither diluted
nor contaminated with dialyzed blood. Full UKM data were
available on 813 patients (1 to 3 modelings each) in 56 dialysis
units. UKM was performed using a proprietary system (Kinetic
Information Systems, Compu Mod Software, version 2.6); the
system utilized a single pooi, variable volume model. SAS soft-
ware (SAS Institute, Cary, NC) was used for all data analysis. The
URR was calculated in the usual fashion:
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(Pre-dialysis BUN) - (post-dialysis BUN)
(Pre-dialysis BUN)
The same BUN measurements were used for both the URR and
the modeled Kt/V. Pre-dialysis and post-dialysis weights were
measured and included in the UKM analysis.
Results
Table 1 shows the median, 10th, 25th, 75th and 90th percentile
of Kt/V values found for each URR value between 0.46 and 0.70.
These data are also depicted in a box and whisker plot shown in
Figure 1. (Note that the values in the figure are not standard
deviations but are percentiles observed for each URR.) For
example, a URR of 0.58 was associated with a median KtIV of 1.0
with 10% of modelings showing a KtIV 0.86 and 10% with a
Kt/V  1.13.
Discussion
Measurement of the product of urea clearance (K, ideally
whole body) and treatment time (t) divided by the volume of
distribution (V) of urea (predominantly a function of body size) is
widely considered the most appropriate means of quantifying a
dialysis treatment. The URR correlates closely with KtIV urea
and, as a result, is a valuable epidemiologic tool for assessing
dialysis delivery [11]. It is also a valuable quality assurance tool for
monitoring dialysis programs [121. However, the range in KtIV
observed at each URR value is far too broad to allow URR values
alone to be used to quantify dialysis delivery in individual patients.
For example, our data indicate that while the median KtIV for a
URR of 0.62 was 1.12, a KtIV 0.98 was seen in 10% of instances
while values  1.29 were seen in another 10%.
The observations reported here are predictable based on the
principles of UKM [13]. The ultrafiltrative effect contributes
substantially to Kt/V [141 but does not significantly influence
URR. Thus, a patient with a large UF requirement (as a
percentage of body weight) will have a Kt/V that may be 0.2 or
more greater than a patient with the same URR but with no
ultrafiltration requirement [9, 10]. Also playing a role in the
observed variability in KtIV are differences in urea generation
among patients [13, 151 and the effect of rounding the URR. We
used the two point UKM; there is no theoretical reason to believe
the relationship between URR and Kt/V would have been signif-
icantly altered had a three point model been utilized.
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Table 1. Kt/V versus URR
Urea
reduction N of
KtJV
10th 90th 25th 75th
ratio modelings Median Percentile Percentile Percentile Percentile
0.46 26 0.68 0.48 0.76 0.54 0.71
0.47 32 0.70 0.58 0.76 0.65 0.74
0.48 32 0.73 0.56 0.82 0.64 0.77
0.49 39 0.76 0.61 0.82 0.71 0.79
0.50 33 0.77 0.59 0.85 0.73 0.82
0.51 53 0.80 0.70 0.85 0.77 0.84
0.52 65 0.84 0.70 0.89 0.78 0.86
0.53 78 0.86 0.72 1.00 0.78 0.90
0.54 87 0.89 0.78 0.96 0.83 0.92
0.55 77 0.91 0.75 1.05 0.84 0.96
0.56 95 0.93 0.79 1.16 0.87 1.00
0.57 108 0.96 0.80 1.04 0.89 0.99
0.58 118 1.00 0.86 1.13 0.94 1.04
0.59 113 1.04 0.94 1.25 1.00 1.09
0.60 93 1.05 0.94 1.20 1.00 1.12
0.61 124 1.10 0.99 1.28 1.04 1.17
0.62 99 1.12 0.98 1.29 1.05 1.20
0.63 109 1.16 1.03 1.41 1.10 1.23
0.64 93 1.18 1.07 1.34 1.12 1.25
0.65 89 1.23 1.10 1.49 1.16 1.31
0.66 72 1.25 1.02 1.45 1.17 1.33
0.67 99 1.27 1.09 1.53 1.20 1.37
0.68 70 1.33 1.22 1.51 1.28 1.40
0.69 49 1.39 1.16 1.53 1.31 1.44
0.70 43 1.41 1.28 1.78 1.35 1.52
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Boxes represent 50%, whiskers represent 90%
Urea reduction ratio intervals.
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Despite these theoretical considerations, the URR has come to
be considered an acceptable [7], though not optimal [8], means to
quantify dialysis delivery in individual patients. We found, how-
ever, a wide range of KtIV values for each URR. Of particular
note is the observation that with increasing URR, its accuracy in
assessing dialysis delivery declined. Using weighted averages, the
difference in KtIV between the 25th and 75th percentile values for
URR values between 0.56 and 0.60 averaged 0.11 compared with
differences of 0.13 and 0.15 for URR ranges of 0.61 to 0.65 and
0.66 to 0.70, respectively. The 10th to 90th percentile differences
were 0.29, 0.32 and 0.40, respectively, for progressively higher
URR ranges. Persistent differences in dialysis delivery of this
magnitude would be expected to have a significant impact on
dialysis patient morbidity and mortality [1, 16—21].
We conclude that the URR is an unacceptable means of
monitoring dialysis delivery in individual patients. The use of
either formal UKM [20] or formulas that incorporate the URR
but more closely predict the Kt/V [3, 15] are more appropriate
means of assuring that the amount of dialysis delivered to the
patient is accurately assessed.
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